We investigated the effect of delay before nerve repair on neuropathic pain after injury to the brachial plexus. We studied 148 patients, 85 prospectively and 63 retrospectively. The mean number of avulsed spinal nerves was 3.2 (1 to 5). Pain was measured by a linear visual analogue scale and by the peripheral nerve injury scale. Early repair was more effective than delayed repair in the relief from pain and there was a strong correlation between functional recovery and relief from pain.
Pre-ganglionic injury of the adult brachial plexus provokes a characteristic constant crushing or burning pain, which is felt in the insensible hand and severe pain which shoots into the dermatome of the injured spinal nerve. Severe pain is less frequent after post-ganglionic rupture. Relief from pain by successful nerve repair has been reported 1, 2 and is related to re-innervation of muscle. 3 Our study was the first attempt to establish whether delay before repair influenced relief from pain.
Patients and Methods
We identified two groups of patients in whom at least one spinal nerve had suffered a preganglionic injury. In the adult, the dorsal root ganglia are usually displaced into the posterior triangle of the neck. Intradural injury to the spinal nerve, without displacement of the dorsal root ganglia, is infrequent. Such an injury is determined by CT with contrast or MRI, as well as the absence of central conduction when the spinal nerve is stimulated at operation. The diagnosis is confirmed by failure of recovery and persistence of pain relating to that nerve.
Between 1986 and 1991, 85 patients were studied prospectively from before their nerve repair and throughout the process of rehabilitation. There was also a retrospective study group of 63 patients, 45 of whom had undergone a repair between 1999 and 2001 and 18 who had been admitted to our rehabilitation unit some time after their repair (1 to 11 years). All 63 patients had regularly attended our clinic, when records of recovery, pain, return to work and retraining were made. During this period there were 25 patients who had undergone nerve repair, for whom pain was absent or did not disturb sleep and daily life. They were excluded from this study, as were a further 20 patients whose post-operative attendance was irregular.
Thus a total of 148 patients with at least one avulsion was included in our study. There were 136 males and 12 females with a mean age at injury of 24.9 years (13 to 55). The causes of injury were motor-cycle accidents (121 patients), other road-traffic accidents (15) and other causes (12) . The patients were followed up for a mean of 8.0 years (3 to 16). The dominant limb had been injured in 81 patients. Nerves were repaired either by grafting, by transfer of post-ganglionic ruptures to avulsed spinal nerves, or by extraplexal transfer using the spinal accessory, intercostal and other nerves. Reimplantation of nerve roots into the spinal cord was performed in four patients with a complete avulsion. 4 The mean delay before exploration was 111.0 days (0 to 1329; median 63.5). The patients were divided into four groups based upon the interval between injury and exploration: group 1 (early), within one month of injury (n = 61); group 2 (delayed), one to three months after injury (n = 29); group 3 (late), three to six months after injury (n = 32); and group 4 (neglected), more than six months after injury (n = 26).
For each of the four groups, the severity of nerve injury and of pain was analysed by the number of nerve-root avulsions. Assessment of pain. An individual assessment of each patient's neuropathic pain was performed using a linear visual analogue scale (VAS), scores being from zero (no pain) to ten (worst pain). Patients were asked to mark the appropriate score on a horizontal axis in order to quantify their pain. A worst VAS (VAS-worst) was recorded at every review, the VAS at the final review being the VAS-final. The peripheral nerve injury scale classifies neuropathic pain based upon the effect on the activities of daily living. 5, 6 We asked patients to describe the extent of disturbance to their work, study, hobbies and sleep and then classified the pain into four grades as follows: severe, constant disturbance of daily life, work, study and sleep (4 points); significant, able to sleep but not to work, study or enjoy hobbies (3 points); moderate, able to work, but the pain sometimes so severe as to require time off (2 points); and mild, aware of pain but able to lead a normal life (1 point). The peripheral nerve injury scale at its worst and the final score taken at the last review, were used in the analysis and measured at intervals from three to 16 years. The recovery for each repaired nerve element was graded as follows: good, restoration of functional active movement in at least one axis of a joint; fair, nerve regeneration proven by clinical and neurophysiological examination, but of little functional worth and poor, no regeneration. More than one element was repaired in most cases. The result for each patient was graded by the best outcome for any individual element and this was correlated with the pain scores.
Data were collected about the onset, nature and location of pain, response to drugs, response to physical method of treatment and the patient's own recognition of factors which eased or exacerbated their pain. We also included information about associated injury, time away from work or study, retraining for other occupations, operations for reconstruction, and the use of orthoses. Statistical analysis. All values were expressed as the mean and SD . The results from the VAS were analysed by a oneway analysis of variance (ANOVA) and those from the peripheral nerve injury scores by a non-parametric test (Kruskal-Wallis) followed by the Scheffe post-hoc test. A p value of < 0.05 was considered to be significant.
Results
The onset of pain was immediate in 59 patients, within 24 hours in 21, within two weeks in 35, within six weeks in 18, within three months in ten, within six months in three and after six months in two. A total of 15 patients were intubated and ventilated for up to three weeks after injury because of associated injuries to their head, chest and spine. There were two patterns of pain: 1) constant pain in the insensible hand, usually described as crushing, burning and bursting; and 2) shooting pain always felt in the dermatome of the injured spinal nerve, but only occurring when there was a constant feature to the pain. The most important mitigating factor was distraction, either by work, study, hobbies or conversation. Other helpful factors included warm weather and warm water. Pain was exacerbated by cold weather, cold water, stress and concurrent illness. The consumption of alcohol sometimes helped and sometimes increased pain. There were 108 patients who took analgesic medication regularly for more than six months. These provided good relief in 16 patients, some relief in 55, but were of no benefit in 37. Cannabis was helpful in 30 patients. Transcutaneous nerve stimulation was performed on 80 patients and relieved pain to some extent in 22 of those. The remaining 68 patients did not have an opportunity to undergo this treatment or refused it. Those who responded to medication were more likely to find transcutaneous nerve stimulation effective. Patterns of nerve injury. There were three common patterns of nerve injury: total-root injury with, at least, avulsion of the lower root (n = 79); upper-root injury with recovery in the lower root (n = 47); and lower-root injury with recovery in the upper root (n = 13). We were unable to categorise the remaining nine patients. We correlated the differences in the VAS-worst score with the type of injury. The mean VAS-worst points of the total-root, upper-root and lower-root injury groups were 9.2 ( SD 0.4), 8.3 ( SD 0.5) and 9.1 ( SD 0.9), respectively. Lower-root injury led to a higher VAS-worst score than upper-root injury. A shorter time interval between injury and nerve repair led to a greater improvement in neuropathic pain. The changes were statistically significant (group 1 and group 3, p < 0.01; group 1 and group 4, p < 0.01; group 2 and group 3, p < 0.05).
Change in visual analogue and peripheral nerve injury scores over time. Pain reached maximum intensity by three months after injury in 69 (81.2%) of the 85 patients studied prospectively. The mean interval to reach maximum pain intensity was 2.5 months (75 days; 1 to 183) for both scoring systems. 5 .0 ( SD 0.5), respectively. These differences were significant (good and fair, p < 0.01; good and poor, p < 0.01; fair and poor, p < 0.05). The mean improvement in the peripheral nerve injury scale was 2.2 ( SD 0.1) for good, 1.9 ( SD 0.1) for fair and 1.2 ( SD 0.2) for poor functional outcome. These differences were also significant. Return to work. There were 131 patients who were employed at the start of the study, 78 (59.5%) returned to work during the course of our study, while 53 (40.5%) did not. The mean VAS-final score for those who returned to work was 3.5 ( SD 0.6) and for those who didn't was 4.3 ( SD 0.8).
Discussion
Pre-ganglionic lesions of the spinal nerves of the brachial plexus usually produce a highly characteristic neuropathic pain which can persist for many years. Pain is one of the most important obstacles in rehabilitation. Our study was the first attempt to analyse the correlation between the delay before nerve repair and the improvement of neuropathic pain after injury to the brachial plexus.
Our major finding was that a shorter interval between injury and repair led to a greater improvement of pain. We applied two scales in order to analyse pain. The advantage of the VAS was simplicity, but its major disadvantage was that it did not reflect the effect of pain on daily activities. The peripheral nerve injury scale attempted to fill this gap. For our study, both systems showed the same trend in the improvement of pain.
Our study also found a trend indicating that more avulsions led to a higher score for VAS-worst. Previous reports have shown that the pain was related to the number of preganglionic lesions.
1,6,7 VAS-worst was related to the pattern of nerve injury. This pattern was similar to that seen in our earlier report 4 of 300 consecutive patients operated on between 1989 and 1993, in whom approximately half of the lesions were incomplete and complete avulsion occurred in 52. Of these, 117 patients had damage to the upper nerves, but with recovery in the lower nerves, 23 showed injury to C6, C7 and C8, with recovery in C5 and T1, and 13 had recovery for C5 and C6 with damage for C7, C8 and T1. 4 
Narakas
1 showed that repair of the brachial plexus relieved the pain of ruptures in 90% of his cases. Of patients with avulsions, 17% continued with disturbing pain from neurotisation for three years or more, compared with 25% of those who had not undergone surgery. Berman et al 3 found a close relationship between the relief from pain and return of muscle power. The correlation between relief, measured by the McGill system, 3 and the return of function was highly significant. The decrease in pain appeared to accompany, or slightly precede, the first sign of functional recovery. This reduction in pain was probably associated with returning function of the large myelinated fibres. Our study found that a shorter delay before operation led to a better functional outcome and that this gave a greater improvement in pain.
The patient's description of the pain following a closed traction lesion of the brachial plexus in Frazier and Skillern's 8 study is typical: "The pain is continuous, it does not stop a minute either day or night. It is either burning or compressing. In addition, there is, every few minutes, a jerking sensation similar to that obtained by touching a Leyden jar. It is like a zig-zag made in the sky by a stroke of lightening". The constant element of this pain probably arises from disinhibition of neurones within the laminae I and II of the dorsal horn, which fire spontaneously. The convulsive pain, which may respond to anticonvulsants such as phenytoin or carbamazepine, arises from sudden outbursts of ectopic electrical activity in mechanoreceptor neurones in the damaged dorsal horn. 9 Woolf, Shortland and Coggeshall 10 provided an explanation for peripheral neuropathic pain by demonstrating the collateral sprouting of large, myelinated afferent fibres around nociceptor neurones in lamina II of the dorsal horn. Michaelis, Liu and Janig, 11 in a rat experimental model, produced spontaneous activity in afferent fibres from skeletal muscles. Nerves to the gastrocnemius were sectioned, which induced bursting, spontaneous discharges from the neurones of the dorsal root ganglion. The conduction velocity ranged from 5 to 30 m/s, incompatible with C-fibre activity. It is possible that similar events occur within the dorsal horn after pre-ganglionic injury and that restoration of impulses from the periphery by afferent fibres from muscle underlies the relief from pain associated with the recovery of muscle function.
However, late intercostal nerve transfer is sometimes effective for the relief from pain, even when there is no realistic prospect of functional recovery of skeletal muscle. 5 There are several possible explanations for these results. First, the transfer of healthy intercostal nerves into the trunk nerves of the upper limb may inhibit abnormal electrical activity within the substantia gelatinosa. Secondly, relief from pain may purely be a non-specific effect of operation, depending on the anaesthetic used, the degree of post-operative pain and the use of analgesics, or on suggestion alone. Thirdly, relief may be produced by sectioning of functioning axons of the posterior root system, impulses from which have in some way been reaching the central nervous system.
Other possible mechanisms may be considered. Distraction, by appropriate rehabilitation which is designed to return the patient to work and recreation as soon as possible, is particularly effective. Early surgical intervention leads to early rehabilitation because the diagnosis is established and because repairs may improve the prognosis. A few of our patients showed a dramatic improvement in their neuropathic pain immediately after operation; others showed relief from pain shortly after their return to work, suggesting that psychological factors are important. We found that the mean VAS-final of patients who returned to work (78 of 131; 59.5%) was lower than for those who did not.
We were dismayed to find that only 61 of the 148 patients (41%) underwent surgery within one month of injury. In an earlier study 4 of 147 repairs performed between 1991 and 1993, 63 patients (43%) underwent surgery within 14 days of injury and 22 more (15%) within one month. The proportion of urgent repairs was even higher in 65 patients with complete lesions who had repair by vascularised ulnar nerve graft between 1975 and 1984. 12 In these two series 12 elements of hand function were restored in five adults by repair of C7, C8 and T1. All received surgery within 14 days.
In conclusion, we disapprove of the apparent trend towards delay in the operative treatment of these patients.
Early exploration and repair are critical in the treatment of neuropathic pain and functional impairment after injury to the brachial plexus.
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